INTRODUCTION {#s1}
============

The International Diabetes Federation reported in 2017 that the number of diabetes is 425 million, which is one in eleven adults[@r1]^)^. The number is growing each year, estimated to reach 629 million by 2045[@r1]^)^. The same can be said about Japan. According to the survey in 2016 by the Ministry of Health, Labour and Welfare, those who are highly suspected to have diabetes were estimated to be around 10 million, the number has been rising since 1997[@r2]^)^. Therefore, diabetes is considered to be a major public health problem.

Previous studies have revealed the negative dose--response relationship between muscle strength and diabetes, and muscle strength and insulin resistance[@r3],[@r4],[@r5],[@r6],[@r7],[@r8]^)^. In previous studies, grip strength has been used as a method to measure muscle strength. One of the reasons is that grip strength is easier and less costly to measure compared to measuring muscle strength of the lower limbs. This is because grip strength is known to show a correlation with the total muscle mass including the trunk and lower limbs[@r9]^)^. On this point, however, some studies affirm the relationship between diabetes and grip strength[@r5],[@r6],[@r7]^)^, while others deny it[@r10],[@r11],[@r12]^)^. The causes include the possibility that the size of muscle groups be measured by grip strength is not large enough in carbohydrate metabolism. In addition, it has become clear that an age-related decline in muscle mass and muscle strength is more significant in lower limbs than upper limbs[@r13],[@r14],[@r15]^)^. As the muscle group of lower limbs controls the activities of daily living such as walking, sitting, and getting up, the decline in muscle mass and muscle strength of the area can lead to the decline in the activities of daily living along with overall physical activity. Hence, for the investigation of diabetes prevention, the relationship between diabetes and lower limbs muscle strength should be assessed.

One of the typical methods to measure lower limb muscle strength is to use an isokinetic muscle strength measuring instrument. While this method is highly appreciated for its accuracy, it requires costly and large equipment, which is restricted by space for installation, and would not be suitable for studies on a large number of participants. A hand-held dynamometer is more convenient than an isokinetic muscle strength measuring instrument, but still complicated compared to a grip strength test and requires the participant to practice. Easier ways that work for any researcher without complicated equipment, the methods using a chair such as the 30-second stand-up test[@r16], [@r17]^)^ and 5-time stand-up test[@r18]^)^ are well known. Both are excellent methods, confirmed to show reliable and valid measurement results. Meanwhile, the 30-second stand-up test takes 30 seconds to measure and can be difficult for participants with decreased muscle endurance. It has also been pointed out that the 5-time stand-up test has a ceiling effect in young participants.

The solution is to use one method, which assesses the participants' quadriceps strength by having them stand up on one or both legs once from four seats of different heights---40, 30, 20, and 10 cm[@r19], [@r20]^)^. This test has been proven to show a positive correlation with the Weight Bearing Index that expresses participants' isometric knee extension muscle strength of their quadriceps in ratio to their weight[@r19]^)^. In previous studies, a reliability investigation of the stand-up test was conducted on 777 people (r=0.73), which confirmed the test to be highly reliable[@r21]^)^. It is one of the Locomotive Syndrome Risk Tests (Locomo-test) devised by the Japanese Orthopaedic Association[@r19], [@r20]^)^. This test is easy to conduct without large equipment and space, and provides an objective assessment of one's locomotive syndrome risk level through a daily living activity, standing up from a chair or box. Furthermore, the result of this test is determined by just one attempt, which makes it easy for the general population to understand their own result and can also be an effective tool to raise awareness of diabetes prevention. However, there has been neither longitudinal nor cross-sectional researches on the relationship between the stand-up test and diabetes. Therefore, in this study, we conducted a cross-sectional study to investigate the relationship between the prevalence of diabetes and the results of simple measurement of muscle strength of the lower limbs using the one-leg stand-up test.

PARTICIPANTS AND METHODS {#s2}
========================

As the Kameda Health Study is a cohort study aimed at investigating medical disorders and locomotive functions of examinee in a comprehensive medical examination (Ningen Dock) by performing musculoskeletal medical examination for examinee in a comprehensive medical examination at the Kameda Medical Center. This is a cross-sectional study using a part of this Kameda Health Study. The candidates for participants of this study were 6,383 males who underwent a two-day course of comprehensive medical examination at Kameda Medical Center during the period between September 1, 2011 and July 30 2018. The participants were chosen from 2,701 people requesting the Locomo-test as an option, who were then narrowed down to 1,803 people who underwent this test for the first time. Those who did not undergo the stand-up test, one of the items of the Locomo-test, (n=3) were excluded. Ultimately, 1,800 males \[median (inter quartile range) age 61 (56--67) years\] who completed the entire the Locomo-test were enrolled as participants in this study. Since female participants were less than half of males, we did not conduct the research on them. This study does not use invasive approach, intervention, or samples acquired from human body, so we did not gain written or oral consensus from the participants. Instead, we released the information on this study (opt-out notice) via the website of the hospital in advance to provide the participants with an opportunity to refuse to be a participant of the study. This study was approved by the ethics committee of the Kameda Medical Center (No.17-3-190406).

The Stand-up test evaluates leg muscle strength by having them stand up on one or both legs once from four seats of different height---40, 30, 20, and 10 cm[@r19], [@r20]^)^. The participants are instructed to stand from each seat in descending height order, first with both legs then with one leg, without momentum and must maintain the posture for three seconds. The lowest height that they succeed is their result. The Japanese Orthopaedic Association considered those who were unable to stand up on one leg from the 40 cm seat as Locomo Level 1 (the risk level of locomotive syndrome). A 40 cm seat is almost the same height as ordinary chairs and has broad utility. In this study, we evaluated the participants based on whether they could stand up on one leg from the 40 cm seat on a scale of three: Succeed to stand up on both right and left legs; Fail to stand up on either the right or left leg; Fail to stand up on both right and left legs.

Body height and weight were measured using a total body composition analyzer with automatic height rod, with participants removing their shoes. Body mass index was calculated by dividing weight (kg) by height squared (m^2^). Resting blood pressure was measured using an H55 (Terumo Corporation, Tokyo) medical electronic sphygmomanometer. A blood chemistry test was performed using the participant's blood plasma collected after a more than 12 hour-fast. The examination items included triglyceride, and HDL-cholesterol. Furthermore, 75 g OGTT was conducted to measure fasting blood glucose before loading, 30 min post loading, one- hour post loading, and two- hours post loading. In addition, a self-completed questionnaire was used to investigate the participant's smoking habit, drinking habit, and physical activity, as well as their past medical history of diabetes and, if any, current treatment. Participants answered the smoking habit question with a yes or no. The definition of "yes (smoker)" are those who have smoked more than 100 cigarettes in total or over six months since they started smoking until now (as of the time of answering this question) and have been smoking in the recent month. Drinking habit was evaluated on a scale of three: Every day; Occasionally; Rarely/None. Then, the amount of alcohol intake per day was confirmed on a scale of four: Sake intake less than 180 ml; 180 to less than 360 ml; 360 to less than 540 ml; over 540 ml. For example, sake intake of 180 ml is equivalent to a bottle of beer (500 ml), Shochu (80 ml of 35 percent alcohol), a glass of whiskey double (60 ml), or two glasses of wine (240 ml). Ultimately, the participants were divided into three categories: Non-drinker group (those who drink occasionally, rarely, or none); Moderate drinker group (those who drink every day, less than 540 ml); Heavy drinker group (those who drink every day, over 540 ml). In order to assess their level of physical activity, we asked questions about their regular exercise and daily activities. As for regular exercise, we asked whether they do light exercise for over 30 minutes at a time (more than two days per week, over a year) and participants answered it with a yes or no. As for daily activities, we asked whether they walk or do physically equivalent activities in their daily life (more than an hour per day) and participants answered it with a yes or no. Ultimately, the participants were divided into three categories: Active group (those who answered yes to both questions); Moderately active group (those who answered yes to either question); Inactive group (those who answered no to both questions).

We judged the participants as having diabetes if they meet at least one of the following criteria: fasting blood glucose 126 mg/dl and above; two-hour blood glucose 200 mg/dl (75g OGTT) and above; HbA1c 6.5% and above in NGSP[@r22]^)^. In addition, those who answered in a self-completed questionnaire that they have been diagnosed with diabetes and those who have been treated for diabetes, were considered as having diabetes.

Firstly, as descriptive statistics, continuous variables were expressed as median and interquartile range, or as mean and standard deviation. Categorical variables were expressed as percentages (%).

Secondly, the participants were divided into three categories based on the result of the one-leg stand-up test from a 40 cm seat; those who succeeded to stand up on both right and left legs; those who failed to stand up on the either right or left leg; those who failed to stand up on both right and left legs. In order to evaluate the relationship between the result of the one-leg stand-up test and prevalence of diabetes, we used a logistic regression model to calculate the age and multivariable adjusted odds ratios, as well as the 95% confidence intervals (95% CI). In the logistic regression model, age was inputted as a covariate to calculate the age-adjusted odds ratios. To calculate the multivariable-adjusted odds ratios, age (continuous variable), smoking habit (non smoker or smoker), and drinking habit (non-drinker, moderate-drinker, or heavy-drinker) were inputted into the logistic regression model as covariates (Model 1). Then, physical activity habit (active, moderately active, or in-active) was added to Model 1 to calculate the multivariable-adjusted odds ratios (Model 2). As for Model 3, body mass index (continuous variable) was added to Model 2 to calculate the multivariable-adjusted odds ratios. We conducted a trend test, where we inputted the leg muscle strength of the three groups as a continuous variable into the logistic regression model to evaluate whether a linear relationship existed between leg muscle strength and the prevalence of diabetes. All statistical analyses were performed using SPSS (SPSS for Windows Ver.24, IBM, Japan). A two-tailed p-value lower than 5% was considered statistically significant.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Physical characteristics by the results of the one-leg stand-up testAllSucceed to stand up\
on both right and left legsFail to stand up on either\
right or left legFail to stand up on both\
right and left legsNumber of participants1,8001,283 (71.1)178 (9.9)339 (18.8)Age (years)61 (56--67)59 (52--64)64 (60--69)67 (61--73)Height (cm)168.1 ± 6.1167.7 ± 6.0169.2 ± 6.1169.0 ± 6.3Body weight (kg)69.4 ± 11.068.7 ± 10.470.9 ± 11.771.2 ± 12.6Body mass index (kg/m^2^)24.5 ± 3.324.4 ± 3.124.7 ± 3.124.9 ± 3.7Waist circumference (cm)86.3 ± 8.685.2 ± 8.188.1 ± 8.589.2 ± 9.6Systolic blood pressure (mmHg)122.5 ± 16.5121.8 ± 16.3124.5 ± 15.5123.8 ± 17.4Diastolic blood pressure (mmHg)77.1 ± 11.577.3 ± 11.477.4 ± 10.976.3 ± 12.0Triglyceride (mg/dl)120.4 ± 72.3123.2 ± 76.7112.3 ± 63.4113.9 ± 56.4HDL-cholesterol (mg/dl)58.6 ± 15.058.5 ± 15.159.8 ± 16.258.2 ± 14.0Fasting blood glucose (mg/dl)104.8 ± 20.5103.3 ± 18.3106.8 ± 23.8109.2 ± 25.3HbA1c (%)5.8 ± 0.75.8 ± 0.65.9 ± 0.86.0 ± 0.8Smoking habit, n (%)Non smoker1,416 (78.7)1,000 (77.9)139 (78.1)277 (81.7)Smoker384 (21.3)283 (22.1)39 (21.9)62 (18.3)Alcohol habit, n (%)Non drinker1,019 (56.6)731 (57.0)97 (54.5)191 (56.3)Moderate drinker722 (40.1)507 (39.5)77 (43.3)138 (40.7)Heavy drinker59 (3.3)45 (3.5)4 (2.2)10 (2.9)Physical activity, n (%)Active447 (24.8)297 (23.1)53 (29.8)97 (28.6)Moderately active511 (28.4)365 (28.4)47 (26.4)99 (29.2)Inactive842 (46.8)621 (48.4)78 (43.8)143 (42.2)Prevalence of diabetes, n (%)490 (27.2)305 (23.8)51 (28.7)134 (39.5)Data are the means ± SD or percentages. Only age is median (interquartile range). shows the characteristics of the participants according to the results of one-leg stand-up test. The median age (interquartile range) was 61 (55--67) years old. The prevalence of diabetes was 27.2%. As for the result of the one-leg stand-up test, the percentage of those who succeeded to stand up on both right and left legs was 71.1%, those who failed to stand up on either the right or left leg was 9.9%, and those who failed to stand up on both right and left legs was 18.8%, indicating that more than half of them were able to stand up on both legs. The group of participants who "failed to stand up on both right and left legs" were older and had higher fasting blood glucose, HbA1c, and percentage of diabetes than the other two groups of participants who "succeed to stand up on both right and left legs" and "fail to stand up on either the right or left leg".

[Table 2](#tbl_002){ref-type="table"}Table 2.Odds ratios for prevalence of diabetes by the results of one-leg stand-up testnNumber of diabetesNumber of diabetes\
(per 1,000 persons)OR\
(95% CI)Age-adjusted OR\
(95% CI)Model 1 OR\
(95% CI)Model 2 OR\
(95% CI)Model 3 OR\
(95% CI)Succeed to stand up on both right and left legs1,2833052381.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Fail to stand up on either right or left leg178512871.29 (0.91--1.83)1.06 (0.74--1.51)1.05 (0.74--1.51)1.06 (0.74--1.51)1.00 (0.70--1.43)Fail to stand up on right and left legs3391342952.10 (1.63--2.70)1.52 (1.12--2.00)1.52 (1.16--2.00)1.51 (1.15--2.00)1.37 (1.04--1.81)p value for trendp\<0.0010.0030.0040.0040.037Model 1: Adjusted for age, smoking habit, and drinking habit. Model 2: Model 1 plus physical activity. Model 3: Model 2 plus body mass index. CI: confidence interval; OR: odds ratio. shows the odds ratio of the prevalence of diabetes according to the brackets of the test results. After adjustment for age, smoking habit, and drinking habit (Model 1), the odds ratio for the prevalence of diabetes was significantly higher (1.52 \[95% CI, 1.16−2.00\]) and the correlation was statistically significant (p for trend=0.003) in fail to stand up on both right and left legs group compared with succeed to stand up on both right and left legs group. After adjustment for Model 1 plus physical activity (Model 2), the odds ratio was significantly higher (1.51 \[95% CI, 1.15−2.00\]) in fail to stand up on both right and left legs group. After further adjustment for Model 2 plus body mass index (Model 3), the odds ratio remained significantly higher (1.37 \[95% CI, 1.04−1.81\]) in fail to stand up on both right and left legs group. In both Model 2 and Model 3, the correlation of the prevalence of diabetes remained statistically significant (p for trend in Model 2=0.004, in Model 3=0.037).

DISCUSSION {#s4}
==========

This study was conducted with Japanese males to examine the relationship between the prevalence of diabetes and the results of the one-leg stand-up test, which measures the participants' muscle strength of the lower limbs by whether they can stand up on one leg from a 40 cm seat.

The Japan National Health and Nutrition Survey 2016 reported "those who are highly suspected to have diabetes" were 16.3%, while "those with a possibility to have diabetes" were 12.2%, totaling 28.5%[@r2]^)^. The prevalence of diabetes in this study was 27.2%, which shows no great difference with the result of the survey. The previous study has revealed the relationship between muscle strength and diabetes[@r3],[@r4],[@r5],[@r6],[@r7],[@r8]^)^. Momma et al. followed 21,802 Japanese people aged between 20 and 92 for six years and reported that those who with weaker grip strength in relation to their weight tended to have a higher risk of developing type 2 diabetes[@r7]^)^. They also followed 1,840 elderly people aged between 70 and 79 in their local community for three years, reporting that patients with type 2 diabetes, compared to those without type 2 diabetes, showed decreased lower limb muscle mass and knee extension muscle strength[@r3]^)^. The stand-up test has been proven to have an association with quadriceps strength[@r19]^)^, as the action of standing up can only be achieved when a total value of knee joint and hip joint muscle strength is maintained at a certain level[@r23]^)^. This test, therefore, is a method to comprehensively measure overall muscle strength of the lower limbs around the quadriceps. The results of this study also confirmed the relationship between muscle strength of the lower limbs and diabetes through conducting a one-leg stand-up test with Japanese males, supporting the previous study. Many studies have also reported the relationship between physical activities and diabetes[@r24], [@r25]^)^. A large scale epidemiological study with 70,000 clinical nurses showed that regular light exercise can lower the risk of developing type 2 diabetes[@r25]^)^. In this study, we adjusted for the risk factors of diabetes, including age, smoking, drinking, and obesity, as well as physical activities. The results showed, even after adjustment for physical activities, those who are unable to clear a one-leg stand-up test had a higher prevalence of diabetes.

Skeletal muscles are a main organ to metabolize sugars. The contraction of skeletal muscles moves glucose transporter 4 (GLUT4) from inside the cell to the cell membrane, enhancing the uptake of sugars. A study that compared the amount of GLUT4 between patients with type 2 diabetes and without type 2 diabetes has revealed that the patients with type 2 diabetes have a significantly decreased amount of GLUT4[@r26]^)^. It also showed that general muscle mass of patients with type 2 diabetes are relatively low compared to patients without type 2 diabetes[@r27]^)^. The lower limbs muscle group around the quadriceps used in the stand-up test occupies a large area of whole body, hence considered to play a large role in metabolizing sugars. Kawakami et al. reported that those who are unable to stand up on one leg from a 40 cm seat tended to have declined muscle strength and muscle mass[@r28]^)^. That's why it is considered that the muscle strength of the lower limbs evaluated in the stand-up test has an association with the prevalence of diabetes.

The characteristic of this study is having used a simple one-leg stand-up test to measure muscle strength of the lower limbs. Previous studies on the relationship between muscle strength and diabetes often used grip strength[@r9]^)^ which is easy to measure[@r5],[@r6],[@r7], [@r10],[@r11],[@r12]^)^. However, it has become clear that an age-related decline in muscle mass and muscle strength is more significant in the lower limbs than the upper limbs[@r13],[@r14],[@r15]^)^. In addition, Nomura et al. studied the relationship between continued regular exercise of patients with type 2 diabetes and their leg extension muscle strength, elucidating the interaction between regular exercise habits and leg extension muscle strength, while pointing out that high leg extension muscle strength can yield a significant effect on regular exercise habits. Therefore, the measurement of lower limb muscle strength is a meaningful approach. Although the measurement of lower limbs muscle strength had a drawback in its complexity compared to grip strength, this study used a 40 cm seat, about the same height as ordinary chairs, to make the measurement easier. As the muscle group of the lower limbs controls vital lifestyle functions such as walking, sitting, and getting up, the decline in these muscle mass and muscle strength could bring significant influence for the prevention and the improvement of diabetes. In that sense, evaluating one's lower limbs muscle strength through a one-leg stand-up test is not only relevant to the prevalence of diabetes, but can also enhance exercise prescription to prevent diabetes. Also evaluating leg muscle strength through this test could be effective for the general population to raise awareness of diabetes prevention.

This study has some limitations. First, age distribution of the participants of this study are limited and it is unclear if the same results can be achieved with younger people. Secondly, all participants are males and it is unclear if the same results can be achieved with females. Lastly, due to the nature of the cross-sectional study, this study does not refer to any causal connection.

The study showed that Japanese males who are unable to clear a one-leg stand-up test tended to have a higher percentage of diabetes. The test used in this study uses a seat with the same height as ordinary chairs, which makes it easy to conduct without large equipment and space, and provides an objective assessment of one's locomotive syndrome risk level through a daily living activity. In addition, the test result is determined by just one attempt, which makes it easy for participants to understand their own result.
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